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COMP/’AISON DF REMOTELY ACQUIRED DEEP-BODY
AND SUBDEMAL TEMPERATURE MEASUREMENTS FOR

DETECTING FEVER IN CATTLE

G. L. $eawrfght, R. R. Brown, K. Campbell,
R. L. Levings, and C. T. Araki

A preprototype anfmal ●lectronic fdentfffcatfon (EID) system has been devel-
oped fn our labmstory (Koelle et al. 1975 and Bobbett ●t al. 1977) and
subjected to field testfng for about 3 years (Anderson et al. 1981). The
system ,uses an Implantable, passfvely powered transponder that can be
remotely Interrogated to report temperature and fdentfffcatfon. Ufth com-
mercial versfons of the system, the fdsntfffcatfon feature wfll provfde
anfmal management and fnventory beneffts, and the temperature feature NY
provfde a means for detectfng dfsease, stress, ovulatlon, and parturition
(l+olm1981 ana Seawrfght 1977).

Because the transponder receives fts power from an external rf source, ft
must be fmplanted superficially under the skin, rather than in deep tfssues,
to mfnfmfze attenuation of the powerfng beam. Thfs requirement raises the
questfon of whether subdemal temperatum?s accurately reflect fever or body
temperature changes that sfgnal the presence of fmportant physiological
events. To determine the usefulness of subdermal temperature measurements
for these purposes, we have conducted a series of experiments where cattle
temperatures have been monftored by radlotelemetry at multlple body sites.
Radlotelemtry, whfch utflfzes battery-powered transmitters, was used because
It allows continuous temperature measurements to be made simultaneously from
several body sftes, fncludlng those that reflect deep-body temperatures.
Unllke the EID system, data can be obtained from free-rangfng animsls re-
gardless of their locatlon relatfve to the recefvlng antenna.

Our objective fi~these studfes was to determfne whether fever can be detected
fn cattle by measurfng temperatures at varfous subdermal sftes. We de~crlbe
here results of two studfes fn which deep-body and subdermal temper,ltllres
were compared wfth fevers that were experimentally Induced wfth vfruses. In
the first si.tidy,test anfmals were held Indoors where ambient temperatures
we”: stab?e; in the second study, animals were held Outdoors durfng the
winter mnths when temperatures were highly v~rlable. Me also descrfbe for
the first time a computerized temperature telemetry system used for the
studies.

MATERIALS AND METHODS

TWO experiments were performed at different times and with dffferent facfl1-
tfes. equfpment, anfmals, and environmental conditions.
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Equipment

Transmitters fExperlunt 1 ): Cattle -re fnst~nted with smll (16 x 23 x
m), pulse-lnterval ~&lated transmitters opratlng fn the 148-150 MHz

ran
r

(c-rclally obtalnd f- J. $wart Ente dses, Grass Vallw,

Cal fornla). 7’The tran=ftters -m e@pped with flex ble pr!hes constructed
f~ %1 O-m se~nts of Mfcrodot S-70 s.erie:, Teflon-coatid, coaxial
cables (Microdot, Inc., South Pasadena, California ). Probe tips were fixed
with 142 Fenual thermistors (6A 61J1 ), dfpped ~n a molten ●lxtun of 20%
Elwx vinyl resin (grade 260, ElectwMlcal ~pt.. Mllnln9ton~ ~laware)
●nd 80% paraffin (Arco Uax, Mo. 1230, Atlantlc Pfchfleld, Philadelphia.
Pennsylvania). Heat-shrink tubing was then applled over the theml stor, and
the tip of the probe was dipped In lhw-Corning 282 medical -grade elastomer.
The junction of the connector and cable was reinforced by a rubber cuff and
● 3.O-CM se~nt of Dow-Corning mcdlcal-grade Sllastlc tubing. rhe tubing
was fixed in place by Sllas~lc Mlcal aaesive (TYW A).

Deep-be@ Wnperatures wre mebsured WIth transmltters mcmnted on th~ ear
plnM. Probes on the transmitters wre inscm?~d 1nta t$e ear canal so that
the tip with the themlstor was positioned rear the tympanic membrane, where
temperatures closely approximate those at the hypothalamic thennoregul atory
center (Benzlnger 1%2 ). The tecnnlque for mcruntlng the transmitters 1s
described elsewtwre (Seawrlght et al . 1979).

$ubdemal temperatures were monitored with the same transmitters used for
ear canal monitoring but were fitted with 12-in. thernrlstor probes. The
transmitters were sutured to the skin In the dorsal postscapular re ion of
the thorax, Y3 In. ventral to the top llne of the animal (withers . The
thermistor probe was Inserted Into the bottom of a sterile, stainless steel
sheath that was closed at one end. T!,’ closed end of the sheath was then
Inserted by blunt dissection Into the suLcutls through a small skin Inclslon.
The exposed part of the sheath was fltwd with a s:erlle surgical rubber
cuff, which was sui.red to the edges of the skin incision [Implant method of
Dr. L. M. Holland, LOS Alarms Natlona~ Laboratory (UnpublIshed)]. The tech-
nique produced an effective barr!er &gainst Infeet’;ous tracts through the
wound,

Each calf was also equip d with a third transmitter for rrnrrltoringrectal
temperatures. rThe transm tter we taped to the dorsal aspect of the proximal
end of the tall , and a 14-in. Elvax -encapsulated probe, made up by the method
described for ear canal probes, was Inserted Into the ret+’~.

Recelvlng and Data Lo In S stem (Ex erlnwnt 1): The receiver was a mcrdl-
Tle7 lU-Cnhm TH-sL%’i& #?@~@Kty ‘kt, UIUl:-”It was Interfaced to a Los
Alamcrs designed and built microcomputer having an Intel S080 mlcrnprocessor
(Crisruolop 1977). The microcomputer was used to sel~ct the channel s and to
control the sample rate and duration of measurements on Indlvldual animals.
The microcomputer was also Interfaced with s Texas Inst~unents (Model TI-733)
keyboard terminal having tape c~ssettes for storing d~ta and an acoustic
coupler for transmitting data to a large computer faclllty (Seawrlght et al .
1978).

Transmitters (Experiment 2) : Transmitters from two sources were used to
~aln ●ar canil tumfierKtFes;

..—..-—-.
the transm!tter~ were Q hybridized modlflca -

tlon of the ccnanerclally obtained transmitter, whfch Is described above. The
modification Involved the substitution of complementary metal oxide semicon-
ductor (CMOS) components for orlglnal components wherever possible. As a
result of the$e mod~flcatlons, the transmitter package wa% slgnlflcantly
reduced In size. The hybrlci trarlsmitter Is poworrd by a 2.8-V 1ithium
battery that weighs about 3 g, offers high servlc~ capacity (140 mAh) , 1s
small (23 FMI In diameter and 2.6 nun thick), and provides about 3 months of
service with normal use. The battery ar,d hybrid clrc~it ? ‘e cor~talned In a



discoid housing measuring 36 ~ In di~tev ml 8.6 - In thlckrwss. The
hwslng is m& of Whined Kel-F (W ~ny, St, Paul. Minnesota), and the
total packa~ uef@s 11 p. The transmitter package was munted onto plastic
Mr tags (s&p button; klta Plastics, Ltd. , Palmerston North, Mew ZealFnd )
that Wn first affixed to the ●ar plnna.

Themistir probes -re fabricated with 1-K’ thermistors (Femal Electron-
ics, Fraul hm, Massachusetts) soldend to Teflon+ oated 32 AMG stilnless

?stael ufre Nasco Blcmd Systems, Inc.. Wston, Texas). Klt.d polyethylene
Wblng was used to fom a uniform, ~onfo~tfonal coat a~nd the wjre
Qs*ly. Further detills of the transmitter and prcbe design and fabrica-
tion can be found in the reprt by Arakl ●t al. 1980.

Subdemal t~ratures wrfe measured with Elvax-e~apsu~ atid transmitters
(Mark IV model) c-rclaily obtained frcn Telonlcs (lks~, Arizona). Trans-
❑itters Wre surgically Implanted Into the subcctfs In the withers region as
before and In the dewlap, anter!or to the brisket.

Recelvlnq and Data Processl nq SysWm ~Experlment 2)

SysWn ConfIquration: Each system Is housed In a 19-in. rack with an overall
~19ht ot 23 1n. and requires a maximum of 1 kU of po~r. The recelvlng and
data processing systan (monitor) Is a specially designed unit that receives,
stores, processes, and displays telmetry data.

The major system components are shown In Fig. 1. Al1 hardware Is cotmner-
clally available except the Los Alamos dcslgrted Interface between the proc-
essor and the telemetry ●qulpmnt. The telemetry recelvlnq equipment con-
sisted of a receiver and pulse -lntervcl nwter. The Iransmltted signals are
acquind by a Telonlcs TR-2 receiver (Telonlcs, P@sa, Arizona) which operates
In the 150-to 152-MHz range. Hlthln thls rarlcje,the receiver chn select 2000
dl~cnte frequencies In l-kHz Increnwnts. The Ielonlcs TDP-1 pulse-interval
meter accepts the data from the k“ecelver and processes the data In a term
acceptable by the computer.

Fig. 1. Plock Diagram of Com-
puterized Renwte Temperature ‘
Telemetry System.
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The computer has a Dlgltal Equipment Corporation (DEC) LSI-11/2 central
processing unit (CPU) with 32 kbytes of manory. Mass storage is provided by
a Data Systems (Santa Clara, Cal1fornla ) dukl floppy-df sk dllve. The disk
drive accepts 8-in. single or doubl~-density floppy disks. The CPU uses th~
Teletype model 43 keyboard/printer and a DEC VT-1OO video terminal .

0 eratlng System:
4

The operating system Is res onslble for commwnlcatlng with—— ---
e operaifor‘fid Implement lng the comnands rssued by the user. Uhen the

ntonltor Is turned on, the operator receives a short message and then a
prmpt, The prcnnpt lndlcates that the rmnltor Is ready f~r a ccmwnand. A
cotmnanc! such as an InltlalIzatlon request. wil1 cause the monitor to query
the orerator about the data-acqulsltl~n parameters necessary for a run (scdn



rat-e, tranimlttir freqmcfes, ~rature conversion cmfflclents, ●ti. ).
Each msponsc by the Opumtor Is checked ‘/or fo~t and to see th~t It Is
within pmscrlbd Ilmlts befort th mnlbr will ●ccept It. All of the
ccmands cm be isswd uhlle a data-acqulsltlm run is In progress. This
enables the o~rator to obmrve the da~ collection results as they &re
occurrlrtg.

The oxratlng sys@m c~ks the transdtted data to detemfne If ●y trans-
■lsslon ●rrors have occurred. The transa!lsslon ermi= bounds are set In the
1nltiallzatlon se ●nce and include upper and lwer temperature values that

Tam considered w Id and the maxlw change In ~rature value that 1s
llkely to occur frm one data ~lnt to the next. men an error Is detected,
the opemtlng systea notifies the user of the error condltlor In subsequent
data prlnt+uts. In addftlon, a time-referenced log Is kept of all the
transmission ●rrors occurring during the data-acqulsltfon wn. This log can
be observed by the operator at any tl-.

The o~rator can also place markers In the data print-outs. These markers
flag events that the user decides are slgnlffcant. For ●xample, a marker maY
be SPA :or ● particular cow when It Is vaccinated If the operator suspects
., vaccination will aftect the next temperature reading. The researcher
,s then alertid to this sltuatlon on subsequent data prlnt+uts and can
1nterp~tt the data accordingly.

The operating system for the monitor was developed at Los Almos. To facl-
1Itate future Improvements on the operating system. the program Is fully
camnted ant uses FORTRAN IV.

R%!%%ate
Ourlng data acqulsltlon, frecpenc+es are automatically scanned

The scan rate can be In l-mln Incrments for a duration of
1 to 1140 mln ~24 h). During each scan, all transmitter-s are accessed In
that sequence speclfled during InltlalIzatlon. A given transmltt.er Is
speclfled by the cw number and the location of the temperature probe tn the
cow. This Infonnatlon Is Included when the operator requests a display of
the temperature data recel~ed during a data-acqulsltlon run. To convert raw
time-interval data from e~ch transmitter Into the corresponding tempernturr
values, a coefficient quew Is Included in the Inltlallzatlon secumnce. The
coefficients specify a quadratic equation that converts tinw-interval data
f~r a partlculcr transmitter Into temperature values.

If the computer receives no data for a particular transmitter, a “search”
routlne 1s entered. ne m“ltor assumes the transmitter has drlfted from t.l~e
proper frequency and ther~fore e~am{ nes alternatlve frequencies for data.
When the correct frequency Is found, the monitor updates the 01d transmitter
frequency with the correct one and then continues the scannlng sequence.

After each scan, temperatun data are stared on a floppy disk. Along with
the te~erature d~ta, all parameters governing the data -acqul~ltlon rJn are
stored on the disk so that a power failure will not destroy the results of
the run. Furthemre, fien ac power is restored, the monl tor records tile
power failure and goes back into operation without operator intervention.

Gati Proce*sln :
-+

Data processing Includes any mathtmatlcal operations done
fi~~i-’~%-~ cra ure data. The onprato? has a choice of four data -process~ng
conmmnds: two for data conversion and two for statistical functions. The
comnands lnvok~ the followlng functions: (1) time-interval -to-temperature
conversion, (2) temperatu~p-to-tlmc -~nterval conversion, (3) statistical mean
over tlnw period, and (4) interval lm’anover time period.

The statistical functions are Included to help the researcher recognize
trends. The calculation of a ~tatistical mean over a given time period
makes use of all data points Included In the given time period. The Lime



~rfod Is spaclfied by W operator tn t-ems of a stirt and stop tire. The
calculation of W Intiwal mean makes use of t group of mm values over
the time period of fntirest. The overall tlw period Is dlvl~d Into
eqmlly spaced intervals, and the man value ?s calculated for ●ach (dally
8e. values cwld be calculated over Me course of a month, for ex~le ).
For the Internal man, the operator specifies the internal tl~ period and
t~ overal 1 tl~ period. The gtatlstlcal fuwtlon c~nds can be applled
to a single tranmltter or to 411 tran=ltters. Any data point that Is
associated with a transaisslon ●rror wI1l not h Imluded In the smtistlcal
Cilculatlons.

Tlwe am M fom~ts that can be used to display data: plot
~ble fomat. A table llstlng will display the data from a
maxim of lCKItransmitters whether the data ●re tl~ interval , temperature,
or statistical data. All llstid data are tire-referenced and Include any
system-generated or operator-generated wrkers. Each page begins WIth &
header and Is followed by the col-ns of time and date entries. The page
header ~mludes the time and date of the 1Istlng, the page ntier, the cow
number. and the transmitter location.

an up-to-date accmnt of the data -ac~lsltlon scan parameter, an
Information header can be listed at any time. The lnfom~tlon header
consists of the time and date of the 1Istlng, the scan rate, the cow number,
the tranwltter-l ocatlon-to-transmi tter-frequency correlation, a 1ist of the
quadratic coefficients for ●ach transmltter, the data+cqul sltlon run start
time, and the present ‘,latus of the wn. Incl~ded In the run status Is an
estimate of the amount of time rmaln inn until the monftor must abort the
nJn for lack of staimage space on the dlsk~

Plots are avaflable In the fom of data versus tine. The data can
temperature data or statistical rzans. The opera~cr has the choice
plottlng the date frcm a sfngle transmitter or from several transmitters
the same plot.

be
Cf
on

For .sneral use by the operetor, the monitor provfdes a “scratch pad” ~r~a
WIthln the computer. This area can be used to log ccxments pertinent to the
data -acq~lsltion run. Tk ccmrmnt ;~g chn be d!splay~d at any time by
Issufng the appropriate ccmsnand.

~rlmental Deslqn and Analysfs

Ex~eriment 1: Experiment 1 was conducted with 5-mmnth-old steers that were
Toui7iXiTi5@her in an Isolatlon facll ~ty at t6e National Veterinary Services
Labora}.orles In kes, Iowa. Temperatures In the facllfty were maintained at
18 “+ Z.:”c. The steers were Instrumented for deep body, subdermal , and
rec~al temperature mee$urements, as described above, and renmte temperature
data were collected from each site at 5+ln Intervals.

After a 24-h lead-in tfw, ●ach, calf was Intranasally inoculated wfth
I @/nostril of a suspension o

1
bovine virus diarrhea (BVD) virus (New

York strain) consisting of 106. pla~e-forming units (PfU) of virus made
up In mlnltwm essential medtum w$th hank’s balanced salt solution.

Ex erlment 2:
f

Experlmon: 2 was conducted wfth ?-year old steers that were
hi ~o;~?~ In a fenc- ‘-ure near Los Alamos, New Mexico. The experl -
ment was condll~ted aurln. ..wber and January when atiicnt temperatures
averdqed 14.2-C and 9.2*C, respectively, and ranged from -i6.1”C to 16,1-C
In Dccwnber and from -16.1*C to 12.2°C In January. Average rrlative humfdlty
In Oeceinbe;”and J~nuary was 47% and 60Z, respectively. The steers were
instrumented for d~’ep-body temperature measurements and for subd~nnal mea-
surements In the dorsal postschpul?r ~nd deulap regions as described above.
Temperature data were collected from each sfte at 10-mln intervals.



After ● 24-h lead-fn tlm. ●ch steer was Intranasally Inoculated with
1 ti/lwXtrll of t Su

&l
nslon of lnfectlcus bovine rhlnotracheltls (IBR)

vfms consisting of 1 ● PFu/@! of virus made up as before.

The data *W edited to rsmove wtlylng observations and
WiH%!s *,S. Pofnts wtslde reasonable bounds, based on InspectIon
cf the buli of the *rlcs, wre eliminated as outllers. Also ●llulMted were
points representing too gnat a change since the p~cedlng valid observation.
If backup cI&ta -W avaflable (during the ●xperi-nt, two systems were
operated In parallel), these wre used to ‘Ill in gaps. Rmalnlfig gaps, up
to ●bout 2 h, were f!lled In by linear Interpolation.

??+%’ Two ~pes of analysis were perfomed on the edited &ta.
rs , ●ssm ng that the subdemal temperature s(t) depends on the ambient

Wmperature at time t, a(t), and at earner times t-h as wll , w fitted a
❑odel of the form

n

s(t) =
&

f3ka(t - kAt) + f(t) ,
m

(1)

where A(t) is t,ie scan rate end the Coefflc{ents t)k i;ere chosen to
minlmlze the variance gf the residual Serfes r(t). [Eauatlon (1) Implies a
causal relationship between ambient temperature and subdennal temperature. ]
Ideally the residual series wuld be free of ambient temperature effects and
follow more closely the animal ‘s deep-body temperature.

The second type of analysl s arose from the observation that each day’s peak
subdennal temperatures appeared to reflect the trend of the fever as
measured from the ear canal . Details of tne analysls are described below
under Experiment 2.

RESULT 5 AND DISCUSSION

Experiment 1

Ftgures 2 (calf 8323) and 3 (calf 44) show continuous temperature plots for
tympanlc metirane and subdermal tt)mperatures and semlcontlnuous plots for
rectal temperatures over a period of 22 days. The smlcont~nuous nature of
the rectal temperature data resulted from the probes being voided and rein -
stall~d &everal times dally. Figures 2b and 3b show tympcnlc membrane
temperature that, because of less lag time and prox+mlty to the hypothalamic
thermsensltlve sites, Is a better measure of deep-body temperature than
rect~l temperatur~s (i3enzlnger 1962). Illurnal rhythm accounts for many of
the temper~ture variations In these plots.

The data In Fig. 2 show that day 5 Is the beglnnlng of the first peak of a
diphaslc fever (calf 8323), which by day 7 had subsltied to normal . From
days 8 to 9 a diurnal var{atlon of 1.5°C was observed, and this ues followed
on day 10 by the second peak of the dlphaslc fever. The first and second
peaks were 3,0 arid3.5*C above normal , respectively. Figures 2a and 2b show
that the times and amplItudes of subdennal and tympanlc temperature varia-
tions Wre In clo~e agreemnt, but subdermal temperatures were generally
0.5-1.O”C lower tha~~thalr Qmpanlc counterparts. Figure 2C shows that rectal
temperature prof!les were fn fair ag,-cementwi Lh tympanlc and su~dc~al
temperatures, but the iliscol;t,lnuous nature of the fornwr makes direct
comparlzon dlfflcu; t.



Fig. 2. Subdemal (a),
T~nlc ~rane (b) and
Rectal (c) Temperatun
Plots for Calf 8323, ~lch
Was Experimentally Infected
with BVD Virus. Points are
Hourly kans of 5+nln
Internal !4asurements
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The data for calf 444 (F+g. 3) show a much broader febrile response and one
with less pronounced dlphastc characteristics than those s~e~ In calf 83?3
(Fig. 2). Again, the patterns for tyimpanlc, subdennal , and rectal
temperatures Wre generally slmllar. However, sc;ne interesting differences
bet-en subdennal and tympanlc diurnal variations can be seen from the data
In Figs. 3a and 3b. The plot of subdennal temperatures shows remarkably
large {2.75”C) dfur:ial variations on days 3 and 4, just before the ascending
1Imb of the first fever peak. By contrast, .Ifurnal variations shown in the
tympanlc plot (Fig. 3b) are orlly lDC. This difference must be viewed with
caution as It was not seen In calf 8328. Further, there Is not enough
prelnfectlon lead-in data to make valld comparisons with the calf’s normal
diurnal temperature pdtterns. However, If further experiments show that
this event conmnly occurs In cattle undergol ng Infectious dlseast?
processes, it may serve, at least In some animals, as an early harbinger of
disease.

Another difference in tympanic and skin diurnal variations occurred from
days 6 to 11, betuee~ “the first and second dlphasic fever peaks,

Fig. 3. Subdennal (a),
Tympanlc Membrane (b),
●nd Rectal (c) Tempera-
ture Plots for Calf 444,
Hhlch was Experlnwntally
Infected ulth BVD Virufi.
Polats are Hourly means
of 5-mln Jrttervals.

,. ..-.
,/” .

. . .

---
.,

.-.

b

-m
--.,.

,,- . . ___ ,., _,

\

i,

! “““t ,.... ,_,
l;; ;5ii0ti-til?i3 14151 t171#lt?02122

TIME {DAYS)



respectively. In. thfs Instance * diurnal variations were greater with
~nic than ulth skfn aeasu-nts. This nay nflect scme fundamental
fntirplay between ti skin and central themoreceptors In the maintenance of
the febrile stite. Although conclusions cannot be made frcm the llmlted
dati, further Investl@tlon of tMs phenamon WU1 d be 1n order.

The d~ta from both calves Indicate close agreemnt In the mplltude and
temporal relationship of skin t~ratures w!th deep-body ~ratures
=asured near the hypothalamic the-re~latory center and In the rectm.
The data ❑qy add cmlence to the pro~sed use of subdermal Mperature
measu~nt from ●lectronic Identlflers for disease detictlon, at least
when animals are held In a semlcontrolled temperatu~ envlrormnt.

w: ChIly data f- one of the two steers are shown here, but
n oma Ion frm the second steer 1s slmllar. The data In Fig. 4 show

nomal body temperature patterns ottalned during a 10-day runout pertod
beglnnlng about 12 days after the fever had abated (days 42 to 52 of the
●xperiment). Subdermal temperatures at the wtthers af~d dewlap sites show
Wfde swings each day; dally variations from the subdennal sites were as
,lrot as 17aC (withers) to 40*C (dewlap). By contrast, tympani.

~eratures remained relatively stable throughout the observation period.
~luroal variations of about l-C wre observed; temperature minima and maxima
occurred during the early mrnlng hours and at midday, respectively.

On the assumption that the large variations in subdennal temperatures were
caused by the large swings in the ambient temperatures, a filtered version
of the ambient temperatures was used as a regressor to reduce the variance
of the subdennal temperatures. The resulting residual series from the
withers data was derived from Eq. (1). This regression reduced the variance
of the total series by about one-third, but the results (Fig. 5) still have
far nmre variabil ity than the tympanic Wnperatures.

Fig. 4. Hithers, Oewlap,
Tympanic (Ear Caral ), and
Ambient Temperature Plots
for the Post-Fever Period,
Points are 10-min Interval
Wasurements
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Figure 6 shows subdermal and tympanic temperature patterns dur
febrile period (days 22 to 32). Temperature data from the ear canal
clear-cut febrile resDonse that Deaked at 3°C above non’cal and la:

ng the
show a
:ed for

5 days (days 25-30). “ However, data from the WIthers did not reveal the
fever either In the unfiltered series (Fig. 6) or In the residual s~ries
after (partial) removal of ambient tanperature effects (Fig. 7).

The fever was also not detectable in the unfiltered dewlap data (Fig. 6),
but because the relationship between the dewlap and ambient temperatures was
highly nonllnear (Fig. 8), no attempt was made to fit the model of Eq. (1)
to this series. Furthermore, the large swings In the dewlap temperatures
(eswclally the morning increase) sometimes precede the corresponding
changes In the ambient temperature, bringing Into question the causal form
of that model.

Because the above approach to data analysis did not produce mean
results, an al ~rnntive method was attempted for detecting fever.
alternative method of analy~is arose from the observation that to a 1
extent, each day’s peak subdermal tm~eratures seemed to reflect the

ngful
The

mited
trend

of the fe.er as-measured from the ear canal (Fig. 9). kcord{ngly, one-hour
averages (i.e., averages over SIX consecutive observations) were computed at
the sam time each day (between 1130 and 1230 in Fig. 10). These averages
seem to be uncorrel ated with the corresponding ambient temperatures. The
dewlap averages do a fair job of tracking ear canal temperatures, but even
thes~ averag~s contain enough noise to mask the effect of fever; s~ngle
observations at a fixed time each day are even more variable.

From the data in Experiment 2, it would not be reasonable to expect
subdernwl temperatures ~r se to be a reliable method for detecting fevers

or the nmre subtle tempe~a~n changes that accompan~ physiological events



Fig. 6. Htthers, Deulap,
Tympanlc (Ear Canal ) and
tilent Teinperatuw Plots
for the Febrile Period of a
Steer Experlmntally In-
fected WItk IBR Virus.
Points are 10~ln Interval
Mea? -anents.

Fig. 7. Unfiltered Ulthers,
Tympanlc (Ear Canal ), and
Anblent Temperature Data
Compared Wf th Filtered
(Res:dual) Uithers Tempera-
ture Data for the Febrfle
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Virus. Points are _iO+nln
Interval Measurements,
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Fig. 8. %atter Plot
Showing Deulap vs =Ient
Taperatun Data.
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Fig. 9. Midday Temperatures for the Hithers and Oewlap Subdermal
Sites and for the Tympanlc (Ear Canal ) Site During a Period of
Fever In a Steer Experimentally Infected wfth IBR Vl\Ws.
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such M ovul Won or parturi tlon. Although subderml ●nd core temperature
patterns ~re almst fdantfccl under the controlled *lznt ~erature
conditions of Experl~nt 1, such conditions ufll not often prevail In most
1Ivestock-rearing ●nviromrnts.

In the past, them has b-n Q fair cmunt of enthusiasm about the advantage
of Wsperamre wni torlng with i~lantabl e ●lectronl c Identlflers 1n
1Ivestock. -ver, wlt~ ● passively Pcr=red systm, which requires that
f~lmts b placa sub~wlly to mlnlmlze attcnuatl on of the pouerlng beam
throu~ the tissues, further wrk w1ll bp needed on antenna desfgn and
l~lant g-try before these ●dvantages are real1zed.

\
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